INTRODUCTION {#sec1-1}
============

The appropriate polymerization of resin composites is a crucial factor in the clinical performance of restorations. Several problems can be associated with inadequate polymerization, such as: reduced physical properties, solubility in the oral environment, microleakage and pulp irritation.\[[@ref1][@ref2]\] The process of composite resin polymerization occurs through the conversion of the monomer molecules into a polymer network, accompanied by the narrowing of the space between the molecules which causes polymerization shrinkage in the composite.\[[@ref3]\] When greater intensity of light energy is used for composite resin polymerization, larger amounts of photons reach the molecules of the photo-initiator within the resin, and more photoinitiator molecules are activated and raised to the excited state. In this excited state, the camphoroquinone collides with the amine, forming a free radical which then reacts with the double carbon bond (C = C), that are converted to single bonds (C-C) and begins polymerization.\[[@ref4]\]

Some light polymerization techniques have been proposed in an attempt to decrease the stresses generated during the polymerization shrinkage of composite resins, such as the soft-start and pulse delay techniques.\[[@ref5]\] Despite the fact that the degree of conversion of a monomer is the same with different polymerization modes, it is hypothesized that the formed polymer can have different structures, because of the slow pre-cure of some methods such as pulse delay.\[[@ref6]\] In this sense, studies have shown some differences in some of the physical properties, like knoop hardness,\[[@ref7]\] shear strength and diametral tensile strength, especially when the resin composite is immersed in ethanol.\[[@ref6][@ref8]\] Ethanol causes softening of the resin composite surface by removing the polymer structure as unreacted monomers, oligomers and linear polymers.\[[@ref6]\] Thus, the aim of in this study was to investigate the effect of different modes of light exposure (conventional, soft start and pulse delay) and water or ethanol immersion on the flexural strength of a composite resin.

MATERIALS AND METHODS {#sec1-2}
=====================

To conduct this study, a composite resin (Z350, 3M ESPE Dental Products, St Paul, MN, USA) was used. Sixty rectangular samples were prepared using steel moulds, with internal dimensions of 10 mm length, 2 mm width and 2 mm thickness,\[[@ref9]\] totaling twenty samples for each light polymerization mode. The space in the mould was filled with composite resin in one increment. The surface of the restorative materials was covered with a polyester strip and a glass slide to flatten the surface. A 1 kg load was placed on the resin composite for 10 s. After the load and the glass slide were removed each test specimen was randomly polymerized using an Optilux 401 unit (Demetron/Kerr, Danbury, CT, USA), according to the three experimental light polymerization mode groups: conventional method (600 mW/cm2/40 sec.), pulse delay (600 mW/cm2/1 sec, 60s of waiting time + 600 mW/cm2/39 sec.) and soft start (300 mW/cm2/10 sec. 600 mW/cm2/30 sec.). Two units were used, Optilux 401 - one with 600mW/cm2 (1) and another with 300 mW/cm2 (2), as shown in [Table 1](#T1){ref-type="table"}.
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Experimental polymerization modes in the study
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Power density was periodically checked using a radiometer (Model 100 Optilux Radiometer, SDS Kerr, Danbury, CT, USA). Immediately after making each specimen test, the excess resin composite was removed with a scalpel blade No.12 and abrasive paper No.320 under water spray, and specimen thickness was gauged with a digital Pachymeter (Mitutoyo, Tokyo, Japan) accurate to two decimal places.

Following this, the values were recorded. All specimens were randomly assigned to one of the two media: distilled water for 24 h or 100% ethanol for 14 days.

The Flexural Strength (FS) tests were performed using the universal mechanical test equipment EMIC DL2000 (EMIC, São José dos Pinhais, PR - Brazil), with a 2 kN load and speed of 0.5 mm/min. The FS was calculated as follows:
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\- where FS is the flexural strength (in MPa); L, the failure load (in Newtons); D, the distance between the supports (in mm); w, the width; and h, the height of the specimen (both in mm). Data were submitted to analysis of variance (one-way ANOVA). Tukey\'s test was applied for multiple comparisons, with significance level set at 5%.

RESULTS {#sec1-3}
=======

The mean flexural strength values (MPa), standard deviations (SD) and statistical results of the restorative materials are presented in [Table 2](#T2){ref-type="table"}. The ANOVA showed a statistically significant difference among experimental groups (*P* \< 0.001). The Tukey\'s test showed statistical differences between the two immersion media. Independent of the experimental polymerization mode, all samples immersed in ethanol presented lower flexural strength values than those immersed in water. With regards to the polymerization modes it was observed that for the samples immersed in water, the pulse delay and the conventional polymerization modes showed the highest FS means, and were statistically different from the soft start. For the samples immersed in ethanol, the conventional and soft start polymerization modes showed the highest FS means, and were statistically different from pulse delay.
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Results of flexural strength means for the experimental groups (MPa), standard deviation (SD) and significance
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DISCUSSION {#sec1-4}
==========

Different polymerization techniques such as those tested in this study (soft start and pulse delay) have been proposed in an attempt to reduce the stress caused by polymerization shrinkage generated at the time of photoactivation. There is a general consensus about the reduction of polymerization shrinkage stress,\[[@ref7]\] but apparently structures of polymer chains with fewer cross-links are generated.\[[@ref10]\] An alternative method, as used in this study, is the immersion of samples in organic solvents such as ethanol and subsequent mechanical test. Considering that polymers with higher degrees of cross-links are more resistant to degradation caused by organic solvents, it becomes interesting to investigate the polymerization method associated to ethanol immersion.

Clinically, composite restorations can be subjected to considerable flexural stresses in both anterior and posterior teeth. At present, biomaterial performance is frequently evaluated using laboratory tests.\[[@ref11]\] The physical properties of a restorative material is indicative of how the material will function under stress in the oral environment, indirectly determining the resistance to fracture in the areas of great masticatory effort.\[[@ref12][@ref13]\] The parameters for performing the flexural strength test are supplied by the ISO specification 4049 - (International Organization for Standardization -- ISO, 2000).\[[@ref14]\] However, in resin composite evaluations, the difficulty of polymerizing large specimens (25 mm), as recommended, with a light source of reduced diameter (± 11 mm) can influence the results. For this reason, the option was to use specimens with dimensions of 10 mm × 2 mm × 2 mm in this study.\[[@ref9]\] The use of smaller test specimens has no influence on the flexural strength results and decreases the amount of time and material used to perform the test, as well as being closer to clinical reality.\[[@ref9][@ref15]\]

The light activation methods tested in the present study affected the FS. For specimens stored in water, the conventional and pulse delay groups presented higher FS values which were statistically different (*P* \< 0.05) from the soft start group. The clinical performance of BisGMA-based materials depends, to a great extent, on their mechanical properties. These characteristics are determined by the degree of conversion of the material.\[[@ref16][@ref17]\] The degree of conversion in light-activated materials is related to the energy density delivered by the light unit (expressed in J/cm^2^),\[[@ref18]\] considering energy density as a product of power density (expressed in mW/cm^2^) through time of exposure (in seconds).\[[@ref19]\] In this study the soft start group presented the lowest energy density (21 J/cm^2^) when compared with the conventional and pulse delay groups (24 J/cm^2^). The lowest conversion of material in the soft star group might explain the worse flexural strength. This is in accordance with the findings of the study of Asmussen and Peutzfeldt (2001),\[[@ref6]\] suggesting that different polymerization methods induce the formation of structurally different polymers.

In this study, all the groups immersed in ethanol presented lower flexural strength than those immersed in water. Ethanol causes softening of the resin composite surface by removing the unreacted monomers, oligomers and linear polymers from the structure of the polymer.\[[@ref6]\] When ethanol penetrates the polymeric network it causes an expansion of the structure, allowing the release of unreacted monomers and causing the breakup of the linear chains of the polymer.\[[@ref15]\] This expansion is facilitated when the cross-link density is low, since the solvent can break the secondary links of the structure, but not the cross-links.\[[@ref20]\] The pulse mode obtained the lowest results when specimens were stored in ethanol, when compared with conventional and gradual modes. Different irradiation procedures will lead to different structures in the resulting polymer, even though the degree of conversion of double bonds is the same.\[[@ref20]\] At a pre-cure stage many more growth centers are formed, resulting in the fact that a larger part of the polymer structure will be linear before final polymerization.\[[@ref6]\] The longer the time of delay before the final polymerization, the greater the trend to form a more linear polymer will be, diminishing the cross-link density, which could explain the results of polymerization with the pulse mode when specimens were stored in 100% ethanol.

Physical properties of resin composite are dependent on the polymer structures that are formed. In this light, different polymerization modes and immersion media can affect the physical properties (flexural strength) of a composite resin. Ethanol immersion resulted in the lowest flexural strength values for the composite resin evaluated. The conventional and pulse delay methods achieved the highest flexural strength for samples immersed in water while the conventional and soft start methods resulted in the highest FS for those immersed in ethanol.
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